INTRODUCTION
Neisseria meningitidis is able to chelate iron from human transferrin (HTF). the main sequestrator of extracellular iron in vivo. Previous workers have reported that a ca. 70 kilodalton (kDa) iron regulated outer membrane protein (FeRP-70) is a highly specific receptor for HTF. We have examined the interaction between the iron regulated outer membrane proteins (OMP's) and HTF, using HTF and rabbit anti HTF, as well as gold labelled HTF (Au-HTF) to blot OMP's of various serogroups and serotypes of N. meningilidis. Also, we used monospeeific rabbit anti FoRP-70 in competitive experiments to determine the role of FeRP-70 in HTF-binding. Single proteins (molecular weights range ca. 60 to ca, 90 kDa) were identified in the OMP's from each strain which reacted with HTF. HTF failed to block the reaction between FeRP-70 and the OMP's, conversely anti FeRP-70 failed to block the HTF-binding reaction. We belicve that the 70 kDa iron regulated protein of N. memngilid~s is not a human transferrin receptor. Transferdn is the main sequestrator of extracellular iron in vivo [1] . As iron is an essential growth element for almost all bacteria, some bacterial pathogens adopt an efficient mechanism of iron chelation from human transferrin (HTF) in order to survive and grow effectively in vivo. NeJsserla memngltidis is strictly a human pathogen which does not secrete sidcrophores [2] , and is capable of utilising even partially iron-saturated HTF as a sole source of iron for growth in vitro. in this process, HTF is not intemalised and bacterial cell surface contact with the HTF is required [3] .
Sehryvers and Morris [4] first reported the identification of a 7l kDa iron-regulated protein on the cell surface of IV. meningitidis, which was shown to be highly specific for HTF binding. However, more recently, Schryvers and Lee [5] failed to confirm with certainty the interaction of this protein with HTF, Furthermore, they reported the identification of two additional ironregulated proteins (68 and 98 kDa) that strongly bound to biotinylated human transferrin. The molecular weight and relative concentration of these two proteins were variable within different serotypcs and serogroups.
In this study we report our findings on the interaction between iron-regulated outer membrane proteins and HTF, using a different approach to visualise the HTF-binding activity and to examine the relationship between the 71 kDa (ca. 70 kDa) iron-regulated protein and the HTFbinding activity in different serogroups and seretypes of N. meningitidis. centrifugation for 30 rain at 1200×8. Protein concentration was estimated using the BioRad system based on the method of Bradford [6] and preparations diluted to yield I mg/ml protein.
MATERIALS AND METHODS

Bacterial strair~s and growth conditions
3.3, Preparation of gold-labelled human transferrin (Au-HTF)
Gold sol of 18 nm particle diameter was prepared according to Frens [7] . The conjugation of HTF (Sigma) was carried out as described in the Jansscn handbook [8] . The minimal amount of the protecting protein, HTF, was added to stabilis¢ the gold sol from aggregation by salt, adjusted to pH 6.5 and the conjugate stabiHsed with polyethylene glycol 20 000 (Fiuka) to a final concentration of 0.05~g. This was centrifuged at 12 000 × 8 for 30 rain and the pellet suspended in PBS'A containing 5~ bovine serum albumin (BSA) (Sigma) and polyethylene glycol to a final concentration of 0,05~. The concentration of HTF in the conjugate was approximately 250 ~g/ml.
Outer membrane protein (OMP) preparation
Meningococci were harvested from MHA and MHA-D after 24 h incubation. Harvested bacteria were re-suspended in lithium acetate chloride (LACX0.2 M lithium acetate and 0.1 M lithium chloride), and shaken for 4 h with glass beads in a water bath at 45°C. Glass beads were removed by
Sodium dodecyl sulphate polyacrylamide 8el electrophoresis (SDS-PAGE)
SDS-PAGE was performed in 10~ linear acrylamide gels, using Laemmli's method [9[ . OMPs were mixed with equal volumes of sample buffer (0.0625 M Tris-HCI pH 6.8, 2~o SDS, 5% 2-mercaptoethauol, 10~ Sucrose and 0.002% Table 1 Serogroup, serotypes and site of isolation of each iV. meningiUdis slrain used in this sludy, and the clinical features and ages of the 
Purification of the ca. 70 kDa iron regulated protein (FeRP-70)
Purification of the FeRP-70 was achieved by eluting the protein band from 10% SDS.PAGE [10] . After running heavy loads of the LAC extracted OMP's (2 mg protein per gel) on gels run for a prolonged period of time (6 h), the gels were briefly stained with highly concentrated Cbb. The FeRP-70 was visualised, cut out of the gel, shaken for 48 h at 40C in an extraction buffer containing 50 mM Tris-HCl pH 6.8 and 0.1% SDS, the gel matrix isolated by centrifu$ation at 1200 x g for 10 rain. The protein containing supcrnatant was dia|ysed against 1 mM Tris-HCl pH 6.8 and then lyophilised. The frec-ze-dried material was resuspended in deioniscd water, protein content estimated~ and t~e samples stored at -20°C until further processing.
Sera
Rabbit polyclonal monospecific anti-FeRP-70 antibodies (R-70) were raised by injecting a New Zealand white male rabbit ":Ath the eluted FeRP-70 preparations. The first injection (s.c.) contained 500 lag protein mixed with an equal volume of Freund's complete adjuvant, followed by weekly injections (s.c.) of the same amount of the same protein taxied with Freund's incomplete adjuvant. After four injections the animal was test-bled, boosted with one more injection, then sacrificed 10 days later and the serum (R-70) stored at -70°C.
To exclude antibodies against contaminating non iron-rcgulated proteins, adsorbed anti FeRP-70 rabbit sera (AR-70) was ob'ained by incubating g-70 with homologous bacteria, grown under iron sufficient conditions, at room temperature for 20h.
Z Western blotting
Following SDS-PAGE, separated proteins were transferred onto nitro-cellulose membranes (Schlcicher and Schnell, membrane filter, BA85, 0.45 lam), using a BioRad Transblot system. The membranes were then blocked with blocking buffer (PBS'A containing 0.1% Tween 20 and 3% skimmed milk or 1% BSA). Transferred proteins were immunoblotted with the AR-70 antiserum, diluted 1 : 4000 in blocking buffer. The membrane was then probed with horseradish peroxidase conjugated goat anti-rabbit sera (HRP-GARXBioRad) and the immune complex detected with the substrate chromogen 4-ehloro-l-naphthol (Sigma).
3,8. Human transferrin ( HTF) binding
HTF was diluted to 250 #g/ml in the blocking buffer and the blotted membranes incubated in HTF for 24 h at 37°C before exposing it to 1 : 4000 AR-70 or 1 : 1000 rabbit anti-HTF (Duke) for 2 h at 3"1 ° C. Gold-labelled human transferfin (Au-HTF) was dilated to I #g/m! in blocking buffer containing BSA. The membranes were incubated in Au-HTF at 37°C [or24 h and at4°C for another 24 h before they were subjected to a silver enhancing solution according to the method described by Moeremans et al. [11] .
RESULTS
Strain GN was chosen for purification of the FeRP-70. This protein was cut from the SDSpolyacrylamide gels, eluted, then lyophilised. Fig.  l shows the SDS-PAGE re-analysis of the elutod material which appear on Cbb staining as a mass of protein running at the same level as the original protein band (ca. 70 kDa).
Rabbit polyclonal monospecific antibodies raised against FeRP-70 (R-70) recognised the protein in crude OMP extracts (Fig. 2a) . In addition, R-70 recognised a co-migrating protein and one protein present in the OMFs obtained from strain GN when grown under iron-sufficient conditions. These protein/antibody reactions were no longer detectable when R-70 was adsorbed with homologous bacteria grown on MHA (Fig. 2b) .
The absorbed monospecific rabbit anti.FeRP-70 (AR-70) was incubated with transferred OMP's of different serotypcs (Fig. 3a) and serogroups ( 3b). The reaction showed that the FeRP-70 is a common iron-regulated protein that is present in all the examined cfinical isolates. The molecular weights are almost identical. There were no other proteins recognised on the OMP's of strains grown under iron deficient conditions, and no proteins at all from the strains grown under iron sufficient conditions. To examine the transferrin binding activity in relation to FeRP-70, HTF was used to block the reaction of AR-70 with the FeRP-70 of strain ON. Purification of the ca. 70 kDa iron regulated OMP of N. menfngitidis strain GN by elution from SDS-PAGE was associated with elution of co-migrating non-iron-regulated proteins. This was not clearly demonstrable on Coomassie blue staining of the gels, but confirmed by running the eluted material on a Sepharose-12 gel filtration column (data not shown) and by Western blotting. However, these contaminating proteins did not create a major obstacle to the production of a relatively pure monospecific potyclonal rabbit an- A second method used to visualise the HTFbinding activity was by probing OMits on nitrocellulose membrane with gold labelled HTF (Au-HTF) followed by silver enhancement of the gold particles. Fig,. 4, lane d +, demonstrates the silver enhanced Au-HTF binding to the ca. 80 kDa iron-regulated protein of strain GN. When this membrane was reacted with AR-70 and followed by HRP-GAR and chromogen substrate, the FeRP-70 was visualised in addition to the ca. 80 kDa iron regulated protein (Fig, 4, lane e + ) .
A number of different serogroups and serotypes of N. meningitJdis were screened for their HTF binding activities using the silver enhanced Au-HTF method (Fig. 5a) . All the examined strains demonstrated HTF-binding activity, but at different molecular weight levels, falling between ca. 60 and ca. 90 kDa. None of the strains showed HTF binding activity at the same position as the FeRP-70. This was confirmed when the same membrane was probed with AR-70 and visualised with the peroxidase conjugate (Fig. 5b) , clearly demonstrating the ca, 70 kDa protein to he distinct from the HTF binding proteins. tibody against FeRP-70. This was simply achieved by adsorption of the rabbit sera, which was raised against the eluted material, with the homologous strain of meningococeus grown under iron sufficient conditions. In the view of the recent observations made on the iron regulated proteins, it was important to establish that this ca. 70 kDa iron regulated protein is expressed by all other serogroups and serotypes of N. meaingitidis when exposed to iron limited environments. Our results clearly demonstrate this phenomenon.
Following the earlier report of Schryvcrs and Morris [4], it was thought that this iron-regulated OMP's might be a transferrin receptor. We, therefore, screened for HTF binding activity and determined its relationship to the ca. 70 kDa protein (FeRP-70) by attempting to block the reaction between FeRP-70 and its monospecific polyeional antibody (AR-70) with HTF, as well as trying to block the reaction between HTF and its receptor(s) with that same antibody.
On visualising the AR-70 reaction and HTFbinding activity it was clear that neither of the two probes was able to block the reaction of the other with the OMP's and that two distinct bands were apparent. On the initial representative strain (GN) both methods of visualisafion showed thai HTF bound to the ca. 80 kDa protein.
An HTF-binding protein was demonstrated in all the different serogroups and serotypes examined. However, interaction occurred with proteins of different molecular weights, ranging between ca. 60 and ca. 90 kDa.
In a previous study, Schryvers artd Morris [4] suggested that a 71 kDa-iron regulated protein on strain B16B6 (B2a P1.2) was the HTF-binding protein. Schryvers and Lee [51, on the other hand, were unable to confirm this with certainty and observed two proteins (68 and 98 kDa) that bound to biotinylated HTF on a streptavidin agarose affinity resin more firmly than the 71 kDa and a 92 kDa protein. Unfortunately, it was not confirmed that these eluted proteins bound HTF, though it is inferred from their original retention on the affinity column. In our test conditions, using the same meningococcal strain (BI6B6), we demonstrated that the HTF-binding activity occurs at the molecular weight level of ca. 65 kDa. This was detected both indirectly with HTF probed with rabbit anti-HTF and visuaiised with HRP-GAR conjugate, and directly with gold labelled HTF followed by silver enhancement. Furthermore, unlike Schryvers and Lee 15], we have been unable to demonstrate any additional iron-regulated OMP's within the strain that bind HTF. This may be a reflection of the different methods of detection used.
